QUESTIONS UNDER STUDY: Community acquired pneumonia (CAP) and sepsis are leading causes of hospitalisation after admission to a medical emergency department (ED). Identifying these potentially life-threatening diseases is not always easy due to often unspecific or minimal symptoms. However, quick application of antibiotics is known to be crucial and is correlated with better outcome. The international guidelines of the joint commission suggest a 4 hour-rule for optimal quality of care in CAP and sepsis. In this study we assessed the door-toneedle time (DNT) in patients admitted to our ED with the diagnosis of CAP and/or sepsis. Furthermore we investigated the CRB-65 score, its clinical performance and its influence on DNT. METHODS: Retrospective observational study of all patients admitted and hospitalised through the ED of a Swiss hospital with the diagnosis of sepsis or pneumonia from June 2009 to June 2010 (n = 139). RESULTS: In 73% of the cases DNT was lower than the recommended 4 hours. In CAP, a correlation between the CRB-65 and DNT was not found (ρ = 0.13, p = 0.30). Further parameters, e.g. temperature or blood pressure did not improve DNT significantly. Analysis of the CRB-65 score was regularly impeded due to absent documented information on respiratory rate or confusion state. CONCLUSION: In most cases it was feasible to fulfill the 4 hours DNT. The CRB-65 score is an easy bedside tool, which was not routinely assessed by our emergency room personnel but its assessment did not affect DNT in our hospital.
Introduction
Community acquired pneumonia (CAP) and sepsis are leading causes of hospitalisation after admission to a medical emergency department (ED) and are potential lifethreatening situations [1, 2] . An early and correct diagnosis is crucial for an optimal treatment of patients with severe infections. However, that is often difficult due to symptoms, which are unspecific or similar to other noninfectious conditions. The blood culture results are not immediately available and common laboratory parameters are not specific enough to separate critical infections from other conditions [3] . The addition of procalcitonin, a laboratory value, has been proposed to guide clinicians, but has not resolved by this issue [4] . Furthermore, unnecessarily given antibiotics are known to contribute to antibiotic resistance and cause preventable health costs [5] . Therefore, guidelines for the diagnosis of sepsis as well as CAP have emerged to assist in diagnosis and empirical therapy [6] [7] [8] . However, there are several reasons that lead to non-adherence of these guidelines, e.g. comorbidities or the recommendation from a consulting physician [9] . In infectious diseases early administration of antibiotics according to evidence-based quality guidelines have been reported to be associated with decreased morbidity and mortality [10] [11] [12] . The so-called door-to-needle time (DNT) is defined as the time between arrival at the ED and the administration of intravenous antibiotics and it is used as a quality marker in treatment of CAP and sepsis. Therefore, a short DNT is pivotal for good clinical practice [12] [13] [14] . Most studies suggest a DNT of four to eight hours for better outcome and sufficient management quality [15, 16] . These recommendations are based on several studies that found an association between reduced mortality, decreased length of hospital stay and improved outcome with timely antimicrobial therapy [14, 17, 18] . To achieve the quality of care standards the resident staff and nurses must be trained and be aware of existent guidelines, definitions, and clinically helpful tools. One such tool is the confusion, respiratory rate, blood pressure and age over 65 (CRB-65) score. It represents a clinical prediction rule that grades the severity of community-acquired pneumonia in terms of 30-day mortality [19] [20] [21] . A score from 0-1 means a predicted mortality rate of 2-5%. A score of 2 indicates a mortality rate of 12% and scores of 3 and 4 a mortality rate of 31% [22] . It is used to define the group of patients, which are most likely to present a severe pulmonary infection, and therefore needs to be treated in hospital. The CRB-65 score is a modification of the CURB-65 score, which additionally includes serum urea measurement. Both scores are claimed to perform equally and as the CRB-65 score does not require a blood test, it is the faster and easier bedside tool in primary care [21] . Furthermore, urea determination is not widely used in Europe to assess kidney function. A further pneumonia severity assessment system is the pneumonia severity index (PSI), which uses 20 clinical and investigational variables to divide patients into 5 severity classes [23] . Compared to the CURB-65 score, the PSI seems to be more specific and sensitive in predicting patients who will require admission to the intensive care unit [24] . However, the high number of variables used for the PSI is not practical in an ED, hence the CRB-65 score is often preferred. All these scores were developed to facilitate the decision-making process, if a patient needs to be hospitalised or if he can be treated ambulatorily. Therefore, these scores might help to reduce health care expenditure. The purpose of this study was to determine DNT in our hospital setting in the treatment of patients with severe infections such as CAP and sepsis. In patients admitted with the diagnosis of CAP, the CRB-65 score was retrospectively calculated. We examined if the CRB-65 score had an influence on the timing of antibiotics administration. The correlation between DNT and the CRB-65 score was our main focus and furthermore we investigated if other parameters might lead to a shorter DNT in CAP patients and patients with sepsis.
Methods
A retrospective data analysis of adult patients (age >18 years) with demission diagnosis of CAP or sepsis was performed. We applied the following definitions. CAP refers to pneumonia acquired outside of hospitals. The diagnosis of pneumonia was ascertained by clinical signs (productive cough, fever, shortness of breath) an auscultation which was typical and an infiltrate on a chest X-ray, which was confirmed by 2 observers (radiologist and clinician). Sepsis was defined by SIRS criteria and bacterial growth in culture or by a confirmed infection in body tissue [25] . Pulmonary comorbidity includes chronic obstructive pulmonary disease, asthma or lung fibrosis. Cerebrovascular comorbidity includes ischemic or hemorrhagic stroke. Hepatic comorbidity includes liver cirrhosis, known hepatitis A-C or unknown elevated liver transaminases (4 times upper the limit of normal value). Renal comorbidity denotes acute renal failure or known a creatinin clearance <30 ml/ h. We included all patients admitted by the ED of the Clinic of Internal Medicine of a Swiss hospital with a reach of 160,000 habitants from June 2009 to June 2010. Only data sets with either main or second diagnosis of pneumonia or sepsis were included and one of these had to be the reason of the hospital stay. Therefore, the dismissal diagnosis had to be the same as the entrance diagnosis after quitting the ED. Data from 309 patients admitted to our hospital with the diagnosis of pneumonia were obtained and analysed for DNT. A data set was considered complete, if (1) time of admission and time of antibiotic administration were distinctively noted, (2) the first diagnosis was approved by radiology or clinical examination and (3) the first diagnosis was also the main cause of hospital stay. Excluded were patients presenting to our ED who had already received antibiotics or who had been transferred from another hospital. Also excluded were patients who did not receive antibiotic treatment in a palliative situation or because of patient preference. Patients who received antibiotics on the medical ward (e.g. due to a crowded ED) were excluded, due to difficulties in securing the precise timing of the antibiotic treatment. After application of inclusion and exclusion criteria, 113 complete data sets from a total of 309 (36%) were investigated for CAP. In figure 1 the final identification and numbers of missing respiratory rate (RR) and confusion state are illustrated. The same selection process was applied to patients with the demission diagnosis of sepsis. Out of 120 patients, 65 (54%) data sets were complete. Forty-two patients fulfilled both sepsis and pneumonia criteria and were used in both data sets. DNT was defined as the time interval between the first contact of the nursing staff at our ED until the intravenous antibiotic therapy was given. Due to the retrospective nature of the study, the CRB-65 score had to be calculated out of clinical examination notes. If this was not possible the data was denoted incomplete
Figure 1
Flow chart of CRB-65 data set obtained from patients with community acquired pneumonia (CAP).
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Swiss Med Wkly. 2012;142:w13510 and therefore excluded. In 68 data sets (60% from the completed data sets of CAP), the CRB-65 score could be calculated. All other collected parameters, e.g. temperature, pulse and blood pressure, were only used if they had been taken before any intervention took place and they had to be clearly declared as first measurements. CRP and WBC were collected from the first blood examination, which had to be taken prior to the antibiotic treatment. Results are displayed as mean ± standard deviation. To calculate correlation coefficients between the different parameters we applied Spearman correlation analyses (ρ). For all statistics PASW statistics (Version 18.0, SPSS Incorporated, Chicago, USA) was used. p-values <0.05 were considered statistically significant.
Results

Figure 2
Door-to-needle-time (DNT) in community acquired pneumonia patients.
Patients' characteristics are shown in table 1.
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In figure 2 the DNT for CAP patients is presented. More than half of the patients (59.3% (67/113)) were diagnosed and treated within 3 hours of admission to our ED. 73% (83/113) of all patients received antibiotics within the recommended 4 hours. In 4 cases (3.5%; 4/113) the DNT was longer than 6 hours. The fastest application took place after 15 minutes, the longest time interval for DNT was over 10 hours. Figure 3 shows the relation between the CRB-65 score and DNT. In table 2 all sub-categories of the CRB-65 score and the score itself are listed. A considerable number (n = 50) of patients were hospitalised in spite of having a low risk profile (CRB-65 scores of 0-1). In those cases hospitalisation took place due to significant comorbidities (e.g. chronic obstructive pneumopathy or asthma (n = 11), immunodeficiency (n = 6; HIV, diabetes, cancer on treatment) or sepsis (n = 9). Furthermore, social situations of elderly, alone-living patients with otherwise impaired clinical performance status had led to hospital admission. Figure 4 presents the DNT for patients with the diagnosis of sepsis. The fastest DNT was 15 minutes, the longest DNT was 9 hours after ED admission. In table 3 the different parameters in relation to DNT are shown (n = 64, one data sheet did not contain initial blood pressure and temperature). Significant correlations were not found (highest correlation was between DNT and WBC, ρ = 0.15, p = 0.24). Chronic heart failure, n (%) 15 (13) 11 (17) Diabetes mellitus, n (%) 14 (12) 16 (25) Neoplastic disease, n (%) 10 (8) 8 (12) Pulmonary comorbidity, n (%) 31 (27) 11 (17) Cerebrovascular comorbidity, n (%) 12 (10) 1 (1) Hepatic comorbidity, n (%) 4 (3) 0
Sepsis
Renal comborbidity, n (%) 24 (21) 13 (20) CAP: community acquired pneumonia Table 2 : CRB-65 score in patients with community acquired pneumonia.
n (%)
Number of CRB-65 data sets 68 
Discussion
A short time to first antibiotic dose has been reported to improve patient outcome in CAP and sepsis [26] [27] [28] . In our hospital, CAP and sepsis patients received their first antibiotic dose in most of the cases within the anticipated time of 4 hours after admission to the ED. To grade quality of care, the DNT has been suggested to be an indicator. Delays in antibiotic administration may be due to different reasons. Since our hospital is engaged in education of postgraduate physicans and pregraduated nurses, persons in training may lack knowledge or awareness of the benefits of short DNT. This might be one of the factors that lead to a longer DNT. Correlation of DNT with the availability of a more experienced physician in the ED was not assessed, but might be of influence. The presence of an educated nurse might as
Figure 3
Relation between door-to-needle-time (DNT) und CRB-65 in community acquired pneumonia patients.
Figure 4
Average door-to-needle-time (DNT) in sepsis patients.
well be of importance. Also, a crowded ED with a high patient load and restricted resources at specific hours of the day could delay the time until a physician or a nurse has contact with the patient and this might increase DNT. This however could be excluded in our hospital since an external quality assessment (performed by the Verein Outcome [29] ) revealed that the time interval to first patient contact was below 15 minutes. In our sample, the main reason however seemed to be the difficulty to identify those patients suffering from CAP and/or sepsis. In elderly patients with additional comorbidities, symptoms of pneumonia or sepsis maybe less distinct or difficult to assign to a specific organ system. However, in most cases the DNT was within an acceptable time range in our ED. With respect to the CRB-65 score, our study has some limitations. The retrospective design led to the fact that some variables such as confusion and RR were not found in the medical charts. In nearly 50% of the cases the CRB-65 score could not be calculated, due to lack of this data. To determine confusion of a patient with some degree of dementia can be difficult and in some cases it was not possible to distinguish between baseline dementia and actual confusion, but mostly the physician did not comment on the confusion state of their patients at all. Unexpectedly, the biggest loss of data was attributed to missing RR documentation. Some of the missing RR was possibly due to the fact that vital signs such as temperature, blood pressure and heart rate were measured by a nurse and documented in a sheet where the RR could not be easily included. Furthermore, some of the vital signs, for instance blood pressure and heart rate were measured by an automated monitoring system, but not the RR. Most of the nurses and the physicians do not carry a watch which allows them to measure the RR reliably over 30s. Because of hygienic concerns watches on the forearm were banned in our hospital. Furthermore, this implicates that the assessment of the CRB-65 score was not routinely done. This is also reflected in the fact that there was no significant correlation between DNT and the CRB-65 score. To facilitate the application of the CRB-65 score and the 4-hours rule, we raised the awareness regarding this particular rule and score in our ER staff. Furthermore, all nurses at the ER received a watch attachable to their clothes for easy assessment of the RR and the documentation sheet has been changed accordingly. As for pneumonia the CRB-65 score was originally designed to be a tool to predict severity of the disease and to decide where to treat a patient with CAP. In our sample the most represented CRB-65 scores were 0 and 1. According to earlier published guidelines [30] the major part of our study population should actually have been dismissed from the hospital setting with an ambulant antibiotic therapy. The fact that a score from 0-1 was the most represented cannot be explained by the number of patients younger than 65 years old, conversely, the CRB-65 score might overestimate patients older than 65. These findings supported the notion that maybe not only the severity of the pneumonia had led to hospitalisation but that there were also other influences. Important parameters are not taken into account in the CRB-65 score: functional impairment, living alone at home and comorbidities, which require an inpatient treatment. However, it has already been found, that the CURB-65 score, and therefore also the CRB-65 score, does not perform equally in all cohorts of patients, because it does not assess the impact of comorbidities [24] . The CRB-65 score cannot be used as a single decision making tool and the clinical presentation does and should influence the process of decision-making. Nevertheless, as a consequence of the results of this study, clinicians were instructed to use the CRB-65 score to assess the mortality risk of the patients with pneumonia correctly. Patients with low mortality are to be managed ambulantly or if comorbidities or social circumstances do not allow this, it should be noted on admission.
As an alternative score the PSI would provide a higher sensitivity and pretest probability in patients with CAP [31, 32] . In our study we did not test the PSI due to its more complex calculation with several variables. In general, scores can be a decision-supporting tool, but only a few among them also allow an impact on treatment management [33] [34] [35] . They do not include rare medical conditions or immune-status and it lies in their nature that they oversimplify some conditions. Also do they not account for certain important states, e.g. hypothermia, functional impairment, living alone or comorbidities. We collected further parameters, of which we thought they could support the physician in shortening DNT. The fact of present fever and high WBC did not result in significant correlations to DNT. We interpret the spread of DNT time also with the difficulty of obtaining CAP or sepsis specific parameters. To identify the patients without typical symptoms of CAP and sepsis, rapid and accurate laboratory test are necessary. The isolation of microorganisms from body fluid specimens as in blood cultures takes definitely more than 4 hours. And the quickly available parameters CRP and WBC only have a limited specificity. Having an infection-specific parameter would be of high interest.
Conclusion
We conclude that clinical prediction rules such as the CRB-65 were not routinely assessed by the staff in our ED, due to practical limitations such as documentation and assessment of the RR and confusion state. We are aware of the limitation of clinical prediction rules and can conclude that the DNT in CAP and sepsis patients was according to good clinical practice.
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